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IIpoaHamm3upoBaHO COBpeMeHHOe COCTOAHHE 
Bolpoca oOecneyeHuaA TpeOyeMow cKOpocTH 
HaOopa MpOyHOCTH OeTOHOM B 3MMHHX YCJIOBH- 
AX UM BO3MO%KHOCTH MpMMeHeHuA paHHero 
HarpyKeCHWA MOHOJIMTHBIX KOHCTpyKUMM pu 
oOeCHe4YeHHH HatexKHOCTH UH Oe30NMaCHOCTH Be- 
jeHua padot. Ha ocHoBe aHasiM3a OnbiTa TIpu- 
MCHeCHHA pa3JIM4HbIX MeTOOB TMoOWTepxKaHnA 
TeMMepaTypHOro pexkuMa OeTOHMPOBaHHA, U3y- 
4eH TIpolecc Hadopa MpouHoOcTH OeTOHOM TIpu 
TeMIlepaTypax, OTNMYHBIX OT HOPMAJIbHBIX. 
IIpopeyeH MHorodakTOpHbIM perpeccHOHHbIi 
aHasIW3 WU MOCTPOeCHbI perpecCHOHHBbIe MOesIH 
3aBHCHMOCTH TIpOYHOCTH MOJMMUUMpOBaHHOrO 
OeTOHa Ha cxKaTHe OT BPeMeHH UM TeMIepaTypsl 
TBepyeHua. IlpuBeqeHbl ypaBHeHuA MHO%x*Ke- 
CTBeCHHON perpeccun. 


Ku1r04ueBble CIOBa: HajlexKHOCTb KOHCTPyKIIMH, 
OeTOH, paHHee Harpy2KeHHe, HaOop IIpOyHOCTH B 
3MMHUX YCJIOBHAX, PerpeccnsA, MpOrHo3supoBa- 
Hue. 


Bpejenne. CrpontesibHad OTpaclib, HECMOTpA Ha 
KpW3HCHbIe ABJICHHA, COXpaHaeT TeHCHIIMM K 
pocty Kak B Poccnnu, Tak u 3a pyOexom. CTpou- 
TeJIbHbIe + TeXHOJIOTHH IOCTOAHHO COBepIteH- 
CTBYIOTCA, pa3spaOaTbIBaFOTCA HOBbIC MaTepHalIbl, 
BHEJIPAIOTCA ABTOMATH3MPOBaHHble CHCTeMBI 
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The article analyses the topical question about 
the desired speed of concrete strength devel- 
Opment assurance in winter conditions and the 
possibility of monolithic structures early load- 
ing in reliability and safety assurance. Having 
analyzed the experience of various methods of 
concrete temperature maintaining the authors 
studied the process of concrete strength devel- 
opment at temperatures different from normal. 
The multivariate regression analysis and re- 
gression models were built based on the de- 
pendence of modified concrete compression 
strength on time and temperature of harden- 
ing. The article provides the equations of mul- 


tiple regression. 


Keywords: reliability of structures, concrete, 
early loading, concrete strength development 
in winter conditions, regression, forecasting. 


Introduction. The construction industry, de- 
spite the crisis, continues the growing trend 
both in Russia and abroad. Construction tech- 
nology is constantly improving, developing 
new materials introducing the automated de- 
sign systems and operational practices. 
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IIPOCKTHPOBaHHA UW MeTOJbI OpraHu3alluu paoor, 
OWHAKO WpodseM B 9TOM OONacTH OCTaeTca O- 
IIpexKHEMY MHO2XKECTBO. 

CTpOuTeJIbHbIC OOBECKTHI, KAK WpaBuIO, Wperi- 
Ha3HayeHb! JIA JJIMTeIbHOrO TpeObIBaHHA B HUX 
HOJIeH, Aa CDOKM UX CILyKObI UCUMCIIAFOTCA Wecsa- 
THJICTHAMH, TOITOMY K HUM IIPebABIIAKOTCA I0- 
BbIIMCHHbIe TpeOOBaHHA TO OJTOBCYHOCTH, 
HajlexKHOCTH UW Oe3onacHocTH [1]. bombu1oe 4Uc- 
IO BBITOJIHACMBIX TpOleccoOB HW IIpHMeHAeCMBIX 
TEXHOJIOIMM, WMpoKad HOMeCHKJIaTypa UCIIOJIb3y- 
CMBIX MaTepHalloB, W3qeIMHw UW KOHCTPyKIIMH 
OOycNaBIMBalOT BbICOKMe KBaIMdUKAaAlMOHHBIe 
TpeOoBaHHa K paOoTHHKaM. C TOUKH 3peHHA 
Oe30NacHOCTH Tpya CTpOUTeIbHad OTPacCclib 
OcTaeTCA OJHOM 43 HanOosee TpaBMOOTIAaCHbIX, TO 
C€CTb BOLPOChI HaexKHOCTUH UW Oe30NacHOCTH 311a- 
HH UM COOpyxXeHHM He yTpadHBaloT HU B HacToA- 
Iljee BDeEMA CBOeCH aKTyaJIbHOCTH. 

OduMe N00%KeHHA pPaHHero HarpyxKennsA 
OeTOHHBIX KOHCTpyKkuMH. MaauBHTyasbHOCTb 
OObeEKTOB H CTpeMJICHHe IIpOeCKTHBIX HU CTpOH- 
TCJIbHBIX OPraHv3aluH CHA3UTb CTOMMOCTh CTpO- 
UTeCbCTBa OOYCIIOBHIM yBesIM4YeHHe JOJIM KOH- 
CTPYKIIMH, BOSBOJMMBIX 13 MOHOJIMTHOFO OeTOHA. 
Koporkue Cpoku CTpOUTeJIbCTBA, JJMKTYeMBIe 3a- 
Ka34uKaMHu, TpeOyioT BbICOKOM HHTeHCUuUKAalNH 
IIPOH3BOJICTBa MW HEYKOCHUTEJIBHOIO BBITOJIHeCHHA 
Tpadukos opraHu3aluu paoor. 

PocT OObeEMOB BO3BeEJJCHHA KOHCTPyKIMH v3 
MOHOJIMTHOIO OeTOHAa HU 2Kese300eTOHA, HECMOTPA 
Ha IIpeHMylllecTBa TEXHOJIOrMH WM MHOrOYNCIeH- 
Hble HCCIIeEIOBaHHA B 9TOM OOMACTH, CTaBAT Ie- 
pe CTPOMTeIbHOM OTpacIbIO Web pA Wpo- 
OeM. CoBepmieHCTBOBaHve TeXHOJOrM4eCKHX 
IIpOleccoOB HM BbICOKHM YpOBeHb MexaHu3allnu 
TO3BOJIAKOT MHTCHCH@UIMPOBaTb CTPOUTeJIbHbIe 
paOoTbI HW COKpaTHTb CpOKH CTpouTebcTBa. Ox- 
HaKO B 9TOM Cllyyae Tepuwoy, Harpy2KeHuA paHee 
BO3BeJICHHBIX KOHCTPyKIMM 3Ha4HTeJIbHO CO- 
Kpamaetca. J[1q MOHOJIMTHBIX OCTOHHEIX UH 2KesIe- 
300eCTOHHBIX U3JeIMH 9TO HeONYCTHMO, T0- 
ckolbKy corsacHo CHull 3.03.01—-87 [2] npu 
BO3BeJICHHH HeCyUIMX HU Orpaxkyaroulux KOH- 
CTpyKIMH K MOMeHTY MpHIOKeHUA K HUM TOJI- 
HOM Harpy3KH JOJDKHa ObITb OOecTIeyeHa IIpo- 
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However, there are still a lot of problems in 
this field. 

Construction projects are usually designed 
for long stay in them, and their terms of service 
are calculated over decades, so they have in- 
creased requirements for durability, reliability 
and safety [1]. A large number of running pro- 
cesses and applied technologies, a wide range 
of used materials, products and structures dic- 
tate high qualification requirements for em- 
ployees. From the point of view of occupation- 
al safety, the construction industry remains one 
of the most traumatic, that is, the reliability and 
safety of buildings and structures do not lose 
their relevance. 


General provisions of early loading of 
concrete structures. The individuality of ob- 
jects and the pursuit of design and building 
organizations to reduce the cost of construction 
have caused the increase in the proportion of 
monolithic concrete structures. Short construc- 
tion time frames dictated by the customers re- 
quire a high degree of intensification of pro- 
duction and strict working schedules. 

Growth of quantity of construction of 
monolithic concrete structures and reinforced 
concrete structures, despite the technology ad- 
vantages and the numerous studies in this field 
give the construction industry a number of 
problems. Improvement of technological pro- 
cesses and high level of mechanization give the 
possibility to intensify construction activities 
and to shorten construction period. However, 
in this case, the period of loading of previously 
built structures is significantly reduced. For 
monolithic concrete and reinforced concrete 
products it is unacceptable, as according to 
Construction Regulation Standards Building 
Code 3.03.01—87 [2] during the construction 
process the design concrete strength (100% 
strength in 28 days [3, 4]) should be provided 
to the moment of full load application to the 
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CKTHad IIpOuHOcTb OeToHa (100% oT mpouHOocTH 
B 28 CYTOUHOM Bo3pacte [3, 4]). Takum o0pa30M, 
B page CulyuaeB COKpallleHve CPOKOB CTPOMTEeJIb- 
CTBa HEBO3MOXKHO. 

OcoOyto OcTpoTy 9Ta MpoOmemMa WpHoopetaer 
B XOJIOJHOe BPeMA TOa, MOCKOJIbKY Ip MOHU- 
X9KCHHbIX TeMMepaTypax CKOpOCTb ruypatauuu 
I[CMeHTa 3HAYMTeJIBHO CHWKaeTca. B uccueqoBa- 
HMAX, IpeCTaBJICHHbIX B padotax [5-10], mpu- 
BeJCHbI MeCTOJIbI UM CpeCTBAa BbINOJIHCHUA OeCTOH- 
HbIX paOOoT B 3HMHHH Mepvoy. OTMeyeHo, 4TO 
IIpH BbIMOJHEHUM OlpeyesIeHHbIX TpeOoBaHHH, 
IIpOuHOCTh OeTOHAa B 28 CYTOUHOM BO3pacTe TIpu 
TeMilepatype TBepyeHua 5°C coctaBiaeT He 60- 


nee 80% poeKTHOH, a pu TemMiepatype 1°C — 


MeHee 70%. B 9TOM cilydae, Ip MOJHOM 3arpy- 
9%KCHHM OeCTOHHbIX KOHCTPyKUMH, OOeCIeYHTE CO- 
OO eHHe TpaduKOB IpOn3BOCTBA paOoT C BBI- 
IOJIHCHHeM TpeOoBaHHi CHull HeBo3MoxKHO. 

IlockombKy B peaJIbHBIX YCIOBHAX 3arpyxKe- 
Hue MYHaMeCHTOB IpOWCXOAMT MOITAaMHO (MOH- 
THK KOJIOHH, (epM, CBA3eH MW KPOBeJIBHOTO M0- 
KpbITHA), TO WMMeeTCA BO3MO2KHOCTbh paHHero 
HarpyKeHHA CTPOWTeJIBHBIX KOHCTpyKIMM TIpu 
COOTBETCTBYFOINIEM OOOCHOBAHUH. 

C 9TOM WesbIO COTPYAHUKaMH Kadeypsl «Tex- 
HOJIOPMA CTPOHTEIBHOTO MpOH3BOCTBa»> KOoxKHO- 
YpaslbcKoro TocyapcTBeHHOrO YyHHMBepcuTeta 
KaHauyjaTOM TexHwueckux HayK FOnycossim H. 
B. uw KaHyMyaTOM TexHWyecKHX HayK Kosab C. 
B. pa3spadotTaH permamMent «PaHHee Harpy2xKeHue 
CTPOHTeCJIBHBIX KOHCTpyKIMM>. PetieHua, 1pHBe- 
JICHHBIe B PerIaMeHTe, MO3BOJIAFOT OIIpeeIMTb 
TpeOyeMy!lO TIPO4YHOCTh UH TpOJOJDKNTeCJIbHOCTB 
BbIJepxKUBAHHA OeTOHa Ha OTJICJIbHBIX 9TAaIax 
HarpyKeHHA MOHOJIMTHBIX  %KeJIe300CTOHHbIX 
KOHCTpyKIMH, TaKUX KaK PYHaMeHTHI OJ, KO- 
JIOHHbI HU TEXHONOrMYeCcKOe OOOPyOBaHHe, cTe- 
HbI 3{aHUH, HT. I. 

CyllHOCTb MeTOJIa paHHero Harpy2KeHHA 3a- 
KiIOUaeTCA B TOM, 4YTO B KayecTBe KpuTepua, 
ONpeeIAIOMIeETO CBA3b Me%K]TY MpOWMeHTOM IIpH- 
IOXKCHHOM BHeIIHeM Harpy3KH WU TpeOyeMon K 
MOMEHTY 3afpy2KeHHA MpOUHOCTH OeTOHA, BBI- 
cTyHaeT KOIPDUIMeHT HHTCHCHBHOCTH 3arpyKe- 
HUA. 


——— Dat 
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bearing and enclosure structures. Thus, in 
some cases, reduction of construction period is 
impossible. 

Especially acute this problem becomes in 
cold season, since at lower temperatures the 
rate of cement hydration is greatly reduced. In 
the studies provided in the papers [5-10], the 
methods and means of execution of concrete 
works in winter period are presented. It is not- 
ed that in the implementation of certain re- 
quirements when the hardening temperature is 
5° C, the strength of concrete at 28 days is not 
more than 80% of the project, and at a temper- 
ature of 1 ° C — it is less than 70%. In this 
case, if we have the full loading of concrete 
structures, it is impossible to meet the require- 
ments of Construction Regulation Standards 
Building Code and to comply with the sched- 
ules of works. 

Since in real conditions the loading of foun- 
dations occurs in several stages (erection of 
columns, trusses, connections, and roofing), 
there is a possibility of early loading of build- 
ing structures with appropriate justification. 

To this end, the employees of the "Technol- 
ogy of construction" department of South Ural 
state University, PhD in Technical Sciences N. 
V. Yunusov and PhD in Technical Sciences S. 
B. Koval have developed the regulations "Ear- 
ly loading of building structures". The deci- 
sions that the regulations contain, will help to 
determine the strength and curing period of 
concrete at various stages of loading of mono- 
lithic reinforced concrete structures such as 
foundations under the columns and technologi- 
cal equipment, building walls, etc. 

The essence of the early loading method 1s 
that the criterion that defines the relationship 
between the percentage of applied external 
load and the required concrete strength to the 
time of loading is the intensity of load coeffi- 


cient. 
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@Mv3u4eckKHH CMbICI KOIpduWMeHTa MHTeH- 
CHBHOCTH 3alpyxKeHHA 3aKIIOUaeTCA B OIIpesese- 
HUM BeIMYMHbI BHEMIHeM Harpy3Ku, TpvJIO*KeH- 
HOH K OeTOHY, He BbI3BaBIUeH Mp MOCIeXYIOMleM 
Had0ope IpO4YHOCTH JICECTPyKTUBHbIX TPOIMeccoB 
OeTOHa, NPUBeMIMX K CHYWKeCHHIO HHTCHCHBHO- 
CTH TBepsIeHHA WIM COpocy TpoeKTHOM IpouHo- 
ctu. BenwuvHa WHTCHCHBHOCTUM 3arpyxKeHHA He 
ABJIACTCA MOCTOAHHOM BeMYHHOK UW 3aBUCHT OT 
IpouHocTH OeTOHa K MOMEeHTY IIPHJIO%KeHHA K 
HeMy BHeIlIHeH Harpy3KH. 

B pamMkax lIporpaMMbI cTaHapTu3alMu Hallu- 
OHAIbHOrO OObeETMHEHHA CTponTese, Halpas- 
NeHHOH Ha peam3amu1o | payqoctpoutesbHoro 
Koyekca Poccuvckon Denepauuu, DeepasIbHbIx 
3aKOHOB Pocculickon PMeylepalMu, MOcTaHoBiie- 
Huu IIpaButTenbctBa Poccuuckon Menepaiuu u 
mpuKa30B Munuctepctspa pervouasIbHoro pa3Bu- 
Tua Poccuiickod Deyepaluu, pa3spa0oTaHbI pe- 
KOMeHJallunw «KOHCTpyKUMH MOHOJIMTHBIe Oe- 
TOHHbIe HW 2#*Kee300eTOHHbIe. TexHuueckue Tpe- 
OoBaHHA K MpOu3BOJICTBY paOoT, TpaBusia U Me- 
TOJIbI KOHTPOJIA» JIA BbIPAOOTKH CMHBIX Tpedvo- 
BaHMH 10 IpOM3BOACTBY HM KOHTpOIO KayecTBa 
OeCTOHHBIX paOoT B 3MMHee BpeMa. 

CoBpeMeHHBbIe MeTObI WH CpeCTBa 10 yxo- 
ty 34 O€TOHOM B 3HMMHHK Nepnog. Anamn3upys 
HaKOIMJICHHBIM K HaCTOAIeMy BPeMeHU OIIbIT B 
OOaCTH IpOH3BOJICTBa HU KOHTpOJIA KayecTBa Oe- 
TOHHBIX paOoT, a Tak2Ke ONbIT 34MHero OeTOHH- 
POBaHHA CTPOMTeIbHEIX OpraHu3allMu Hatle;ro 
peruoHa, MOXKHO OTMeTHTb, 4TO HeECMOTPA Ha 
OombuI0oH OObeM UHdopMalHu UU TOApOOHOe 
OlMcaHve MeTOJOB yxOJla 3a O€ETOHOM TIpH Hu3- 
KUX TeMIIepaTypax HellTaTHble CUTyalMu BO3HU- 
KalOT JIOBOJIbHO 4YacTO. OO TOM CBUACTEJIBCTBY- 
eT, HallpuMep, OMbIT CTPOUTeIbCTBa OOBEKTOB, 
OCYIeCcTBIAeMBIX OOO «Upon». 

JjumtesbHoe BpemMat OOO «lMpaon» ocy- 
I[€CTBIIACT CTPOUTeJIBCTBO Ha TeppuTopun Po- 
CTOBCKOM OOaCTH KapKaCHBIX IIPOMBIIIJICHHBIX 
OObeEKTOB C MeTaWIM4YeCKUMH paMaMv UW MOHO- 
JIMTHBIMU OCTOHHbIMH (PyHaMeHTamH (puc. |) 
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The physical meaning of the intensity of 
load coefficient is to determine the external 
load applied to concrete, which in the subse- 
quent concrete strength development do not 
cause destructive processes of concrete, which 
lead to the decrease in the intensity of harden- 
ing or in the design strength. The value of in- 
tensity of loading is not constant and depends 
on the concrete strength to the moment of ap- 
plication to it external load. 

To develop uniform requirements for the 
production and quality control of concrete 
works in winter time the recommendations 
"Monolithic concrete and reinforced concrete 
constructions. Technical requirements for the 
execution of works, the rules and methods of 
control" were developed in the framework of 
the standardization of national association of 
builders aimed at the implementation of the 
Russian Federation City Planning Code, Fed- 
eral laws of the Russian Federation, resolutions 
of the Government of the Russian Federation 
and orders of the Ministry of regional devel- 
opment of the Russian Federation. 

Modern methods for curing of concrete 
in winter. Having analyzed the gained so far 
experience in the field of production and quali- 
ty control of concrete works, as well as the 
experience of winter concreting of building 
organizations of our region, it can be noted that 
despite the large amount of information and 
detailed descriptions of the methods for curing 
of concrete at low temperatures emergency 
situations arise quite often. The construction 
experience of "Irdon" can be such an example 
of this. 

For a long period of time on the territory of 
the Rostov region "Irdon" provides construc- 
tion of frame industrial units with metal frames 


and solid concrete foundations (Fig. 1). 


-Fru 








- -« 


aT.) Lae 


Puc. 1. OObekTHI cTpounTenbcTBa OOO «MproHn» / 
Fig. 1. «Irdon» construction sites 


IIpoekTHbIe pelieHHA OCHOBHBIX KOHCTPYyK- 
THBHbIX 3JICEMCHTOB YHUMUIMpOBaHbI, TO I103BO- 
naeT mpu sddekTuBHOM OpraHu3allun Tpyla B 
TeYeHHe HECKOJIBKUX HECJIb BOZ3BOJUTb OObCKTHI 
m1omatb1o 0 3500 m°. W3-3a Gonpummx O6beMOB 
MW HallpsoKCHHBIX TpadUKOB CTPOMTeJIbCTBAa paovo- 
TbI BEJLYTCA KpyribI TOA, IpH4em JO MHHAMyMa 
COKpalllaloTCd MHTepBasibl BPeMeHH JO Hayaa 
MOHT@Ka MeTAJIOKOHCTpyKIMH Ha OeTOHHBIC 
(DYHJJaMeHTbI, 4TO TpeOyeT OOOCHOBAHHA BO3- 
MO2KHOCTH BeJICHHA MOHTAKHbIX paocor. 

ViccneqoBaHui, TOCBALICHHbIX TeXHOJIOrTMH 
OeTOHHBIX paOOoT HM KHHeTHKe Hadopa IpouHOCcTU 
Oe€TOHOM B HOPMA@JIbHBIX YCJIOBHAX, IpOBey]eHO 
MHoxecTBO [1 1—15]. CormacHo 3TuM UccIeOBa- 
HarpyxKeHve (MYyH]aMeCHTOB BO3MO%KHO 
TOJIbKO depe3 21—24 THA TOCHe Hayasa paoot. 


HAM, 


B mpolecce CTpouTesIBbcTBa Ha KaxKOU IJI0- 
maike BO3BOZMI0CKb Oonee 700 nmpakTu4ecku 
OJMHAKOBbIX (PYHAMECHTOB IO], KOJIOHHbI MU OKO- 
no 25000 m* nom0B 43 MOHONMTHOrO GeToHa. 
AHasIM3MpyA TEXHOJOrM4ecKy!IO MOCIeOBAaTeJIb- 
HOCTb BO3BeJICHHA OOBECKTOB, MpeACTaBJICHHbIxX 
Ha puc. 1, MOX%xKHO OTMeTHTb, YTO MPH WpaBusib- 
HOW OpraHH3alMu paOoT H HOPMAJIbHbIX TeMIIe- 
PaTYPHbIX YyCJIOBHAX B JIETHHM Mepuos padota 
IIPOBOAUTCA 

B IITATHOM pexuMe. B yclOBHAX MOH KeH- 
HbIX TeMIIepaTyp Wepvwon, TpeOyromwlica MWA 
HaOopa HeoOxOJHMOM MpOuUHOCTH OeTOHOM, MO- 


%KeCT ObITh BECbMa IIPOAOJDKUTCJIBHbBIM, TOITOMY 


Design decisions of the main design ele- 
ments are standardized, which with efficient 
organization of work makes it possible to build 
facilities with an area of up to 3500 m3 in a 
few weeks. Because of the large volumes and 
tight construction schedules the work is con- 
ducted year-round, and the time prior to instal- 
lation of steel structures on concrete founda- 
tions is reduced to the minimum, which require 
substantiation of possibility of assembly work 
performance. 

There are a lot of studies on the technology 
of concrete works and the concrete strength 
development kinetics under normal conditions 
[11-15]. According to these studies, the load- 
ing of foundations is possible only 21-24 days 
after the work has started. 

In the process of construction at each site 
were built more than 700 nearly identical foun- 
dations for columns and about 25000 m2 of 
flooring of reinforced concrete. Having analyz- 
ing the technological sequence of construction 
presented in Fig. 1, it can be noted that with 
proper organization of work and normal tem- 
perature conditions in summer the work is car- 
ried out as it was planned. 


At lower temperatures the period required to 
develop the required concrete strength can be 


very long, therefore there is a need of intensifi- 
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BO3HHKaeT HeOOXOXMMOCTb UHTeHCHduKAalnu 
IIPOI[eECCOB TBeEpJeHHA OeTOHA. 

BslO0op sddekTuBHOrO MeTOa NoATepxKaHus 
TeMIepaTypHoro pexuMa TuypaTauMu Oerona 
OcTaTOUHO cioKeH. Handomee 39KOHOMMUHbIM 
ABJIACTCA MeCTOJL TEPMOCA, XapaKTepH3yrOIIMicA 
TeM, 4TO O€TOH HaOUPaeT MPOYHOCTh 3a CYET CO- 
XpaHeHua Tella, BHECeHHOrO B O€ETOHHY!IO CMCCb 
IIpH MIpWroTOBIeCHHU HU BbIeIAeCMOrO I[eMeHTOM 
Ip ero TBepyeHHu. OHaKO BbICOKHM MOJLYJIb 
IMOBepXHOCTH OrpaHH4uBaeT MpWMeHeHHe IJTOFO 
MeTOJIa TEMHepaTypaMu Bo3zyxa 7—10°C. 

OHUM 43 HavOosee MpOCTbIX MeTOJIOB ABJLA- 
e€TCA KOHBCKTHMBHBIN OOOrpes, 3aKJIFOUaIOMIMHCA B 
yCKOpeHHH TBeEpeHHA OeTOHA 3a CUET TeIJIOBOrO 
WOTOKAa, MOaBaeMOro B 3AMKHYTHIN OOSEM (Tell- 
AKU, TOHHeIb U T. I). Ilepeqaua TennoBon 
9HEpruu OCYIIeCTBIIAeCTCA TeMMOreHepaTOpaMu K 
IOBepXHOCTH KOHCTPyKIIMM 3a CYeT KOHBECKIIMH. 
HarpeB BHYTpeHHUX CIOEB KOHCTPyKIIMH Mpouc- 
XOJMT 3a CYET TeIOMpoBOoAHOcTH OeToHa. Mc- 
TOUHUKAMH TeIJIOBOH IHEPruu MOTFyT OBITb JICK- 
TpoKaslopudepbl, JM3eIbHbIe TelmIOreHepaTopsl 
IIpAMOro (HelmpAMOrOo) HarpeBa, ra30Bble Harpe- 
BaTelIM UT. 0. AHasIM3 ONbITa IPHMeCHeHHA 9TUX 
YCTPOHCTB Ha HeECKOJIBKUX OObEKTAX CBUJICTCJIb- 
CTByeT O HepaBHOMepHOM paciipeyeieHuu TeM- 
llepatyp BHYTpu TelaKoB. M13-3a OoNb,WION M0- 
maw WIM 3Ha4dMTeIbHOrO paccTOAHUA Me2XxKy 
KOHCTpyKUMAMM (pyHaMeHTOB Mepenmay Temie- 
paTyp MoxeT yocTuraTb 14°C. STo mpuBOAUT K 
BbICYIUMBaHHIO TOBEPXHOCTH KOHCTpYyKUMH U OT- 
CiaHBaHWtO IMOBepXHOCTHOrO CJIOA, a B MeCTAaX, 
HawOoslee yasIeHHbIX OT TellIOreHepaTopoB, — K 
3aMeJJICHHIO HaOOpa MpOUHOCTH OeETOHOM. 

Uctiomb30BaHve OeciiwaMeHHbIxX HHdpakpac- 
HbIx ropemoK [MU take He sIMIMIeHO HeOCcTAT- 
Kos. Jlaxe Tp BbICOTe UX pacioNoOxKeHuA Hay 
IIPOrpeBaeMOU MOBeEPXHOCTbIO Toa, paBHon 3,5 
M, Wlepetiay, TemMilepaTyp coctaBsiaeT 12°C. IIo- 
CKOJIBKY IPH JOCTHKeHHM OeTOHOM OlIpeyesIeH- 
HOM IWIacTH4eCKOM MpOYHOCTH TpeOoBaslacb ero 
IUMOBKa, TO KAYCCTBCHHO BBIMOJHUTb 3TH pa- 
OOTBI IIpH TaKOM MHepelayze TemMilepaTypbI He 
IIPCACTAaBIAIOCb BO3MOX%KHbIM. KpomMe 93TOrO, 3- 
3a OONbMOM TWHOMAatWH WOBepXHOCTH TerJIAKOB 
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cation of concrete hardening processes. 

It is quite difficult to choose an effective 
method of maintaining the concrete hydration 
temperature conditions. The most economical is 
the thermos method, which is characterized by 
concrete gaining its strength at the expense of 
retention of the heat applied to the concrete mix 
during preparation and released by the cement 
during its hardening. However, a high surface 
module limits the application of this method to 
the temperature of 7—10C. 

One of the simplest methods is convective 
heating, which is the accelerating of concrete 
hardening due to the heat flow in a closed space 
(cold protecting enclosure, tunnel, etc.). The 
heat transfer to the surface structures by convec- 
tion is performed by heat generators. Heating of 
the inner layers of the structures occurs due to 
the thermal conductivity of concrete. Sources of 
heat can be electric air heater, diesel generators 
of direct (indirect) heating, gas heaters, etc. The 
effectiveness analysis of these devices at several 
facilities indicates the uneven temperature dis- 
tribution inside cold protecting enclosures. Due 
to the large square size or large distances be- 
tween the foundations constructions temperature 
difference can reach 14 ° C. This leads to drying 
of the surface structures and the surface layer 
delamination and in the most remote from the 
heater places to slowing of concrete strength 
development. 

The use of flameless infrared burners also 
has its disadvantages. Even if they are located 
above the warmed surface of the floor of 3.5 m, 
the temperature difference is 12 ° C. Due to the 
fact that once the concrete reached its particular 
plastic strength it needs polishing, it 1s impossi- 
ble to perform this work properly in this tem- 
perature differences. In addition, due to the 
large surface area of cold protecting enclosures 


there is a significant heat loss and environmen- 
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MMeJIM MeCCTO 3HA4UMTeJIbHbIe MOTePH Telia WU 3a- 
Tpax3HeCHHA OKpyxKatomlen cpeypr [17-18]. 

IIpumMeHeHue ycKopuTesen TBepweHHA HU TIpo- 
TpeB OeTOHa TOKE MOJIHOCTbIO He UCKIIOUAIOT 
IIPOABJICHHA HeEraTUBHbIX MOCIeACTBHM, Tak Kak 
HeEOOXOXHMO Y4UTbIBATh IebIM pA PakKTOPOB: 
CpeyJHeMeCAYHYIO HW MHUHUMAJIbHY!IO TeMIIepaTypy 
OKpyKarollero BO3yxa; TeMlepaTypy ykJ1aJ[bl- 
BaeMOH OeTOHHOM CMeCCH; TeIIOBOe COMPOTUBIIe- 
Hve OnasyOKu UW ee TWOWMayb. ITH PakTOpsl cy- 
I[CCTBCHHO BJIMAIOT Ha CKOPOCTb CTpyKTypooo- 
pa30BaHHa WU TpeOyrOT MOCTOAHHOM KOppeKTu- 
POBKU JJO3HMpOBKH MOZMuKaTOpoB. Kpome 93To- 
TO, B COJIHCYHbIe JHU axKe pu OTpuIlaTebHO 
TeMIlepaType MpOWCXOJMT OJHOCTOPOHHHH TIpo- 
TpeB oOnaryOKU UW pa3BHTHe TpellwH (puc. 2). 
HemasloBaxkHoe BJIMAHMe Ha TpelltMHOOOpa3z0Ba- 
HHe WU HECYILYHO CIIOCOOHOCTb HMEIOT TeOMeTDPH- 
yeckHe MapaMeTppl KOHCTpyKuuH [19] 


tal pollution [17-18]. 


The use of hardeners and concrete heating 


does not fully exclude the possibility of negative 
consequences because of the need to consider a 
number of factors: monthly average and mini- 
mum temperatures of the surrounding air; the 
temperature of the cast concrete, the thermal 
resistance of the formwork and its square. These 
factors significantly affect the rate of structure 
formation and require constant adjustment of 
the dosage of modifiers. In addition, on sunny 
days, even at subzero temperatures there occurs 
unilateral heating of formwork and the devel- 
opment of cracks (Fig. 2). The important effect 
on the cracking and bearing capacity has the 
geometrical parameters of the structures [19]. 





Puc. 2. PasBuTue TpelluH B (PyHaMeHTax 


Fig. 2. Development of cracks in the foundation 


Takum oOpa30m, ciocoO nosBOya Tema, pa3- 
Mepbl MH KOHQurypalluaA KOHCTpyKUMU, XapaktTe- 
PHCTUKU IIpHMeHAeMOTO LeMeHTA, IIIOMab KOH- 
TakTa C BHeIlIHei cpeyzon, Tenuodu3sn4eckue Uu 
(pH3MKO-XMMMyeCKHe CBOMCTBa OeTOHA, a TaKxKe 
XapakTep HX H3MeHeHHA Tp TBepyseHHu, KOH- 
CTPyKIIMA MW TeMIOBble XAPAaKTePHCTHKU MaTepH- 
aylOB OMaslyOKH, W3MeHeEHHA YCIOBHM BHelIHel 
CpebI 3HAYMTeEIbHO YCJIOKHAIOT MpOeCKTHPOBa- 
Hie HW KOHTPOJIb MpOuHOCTH OeTOHa B Te4YeHHe 
3HMHELo Tepuosa. 


Thus, the method of heat supplying, the size 
and configuration of structures, the characteris- 
tics of the used cement, the area of contact 
with the external environment, the thermo- 
physical and physical-chemical properties of 
concrete, and the nature of their changes dur- 
ing curing, the structure and thermal character- 
istics of materials, formwork, changes in envi- 
ronmental conditions greatly complicate the 
design and control of concrete strength during 
the winter period. 
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IlockolbKy WHTeCHCHMUKAaUMA CTPOMTeJIbHBIX 
IIPOLMeCCOB Hepa3pbIBHO CBA3aHa C UX Oe30NaCcHO- 
CTbIO, TO HEOOXOJMM KOHTPOJIb W3MCHAFOMIMXCH 
BO BPCMeCHH XapakTepHCTHK OeTOoHa. B 3TOHM CBA- 
3H OHO 43 HanOoslee 3HA4MMBIX 3aad ABJIACTCHA 
HeEOOXOJMMOCTb MOHMTOPHHTa HU TpOrHo3upoBa- 
HMA CBOMCTB OeTOHAa TIPU pa3sIM4HbIX TeMIIepaTy- 
pax TBepJeHuaA. 

IKCHePHMeHTAJIBHbIe HCCIeJOBAHHA KHHe- 
THK ruypatainn OeToHa Ip HW3KHX Temile- 


paTypax. 
OeCTOHHBIX PpaOOT MO2XKHO TOJbKO IPH OpraHyu3a- 


OOecie4uuHTb HalexKalllee KadvecTBo 


IMM OlepaTHBHOFO KOHTPOJIA MPpOYHOCTH OeTOoHA. 
OHako, HECMOTpA Ha MMerFONIMNCA WMpOKHi 
ACCOPTHMeHT TIpHOOpoB Hepa3pyllarolero KOH- 
TPOJIA TPOUHOCTH CTPOUNTeIbHBIX MaTepualios, 
MOJy4YeHWe pe3yIbTaTOB UCIIbITAHHH C BbICOKON 
CT€IeCHbIO JIOCTOBEPpHOCTH TIpH yCOBUAX TBep- 
J[CHHA, OTJIMYHBIX OT HOPMAJIbHBIX HU B IIpoOH3- 
BOJIbHbIC CNOKH TBepJICHHA, BeCbMa IIpoOslema- 
TH4HO 3-38 OTCYTCTBHA B WpwOopax 3aBHCHMO- 
crew HaOoOpa NPOUHOCTH JIA pa3sIM4HbIX TeMIe- 
paTyp MW CpokoB ruypatalun. 

Ucnomb30BaHve rpaduKoB Hadopa MpouHOcTH 
MOJMMUIMpOBaHHBIX OeCTOHOB, IIpeCTaBJIAeCMBbIX 
IIPpOW3BOUMTeCIAMH OOaBOK, TaK2Ke HEBO3MO2KHO, 
TOCKOJIBKY MCHbITaHHA BBIMOJIHeEHBI Ha OOpa3ax 
C HCIIOJIb30BaHHeEM HMHTpeJMeCHTOB BbICOKOTO Ka- 
yecTBa. Ha cTtpovkax xe, KaK TpaBuJIo, MpuMe- 
HAFOTCA HEOPOrne 3allOJHUTeJIM WM IWeMeHT cpeJi- 
Hero, a HMHOra HU HW3KOrO, KayecTBa. B 93TOM 
ciydae pa3pa0oTKa 3aBHCMMOCTeH JIA IIpOrHo- 
3MpOBaHuA WM KOHTPOJIA XapaKTepHCTHK OeTOHOB 
Ppa3JIM4HbIX COCTAaBOB HU KIaccOB 10 MpouHocTu 
liIpHoOpetaeT O4eCHb BaXKHOe 3HAYeHHe. 

PenieHuto DTOK 3aua4uH NMOCBAIIeH OObINOK 
oO0beM JIaOopaTOpHbIX HM HaTyPHbIX UCcueOBA- 
HMM KHHeETHKU CTpyKTypooOpa30BaHHA MOZMdH- 
IMPpOBaHHBIX COCTaBOB, BbIIIOJIHeHHbIM COTpyJ- 
HukKamMu Kadespbr «CTpOnTebCTBO WM TeXHO- 
cdbepHaa Oe30nacHocTh» MCOull ATY (dunman 
JUITY pr. Uaxtst) B Tewenve HECKOJIBKMX JIT. 

JIaOopaTopHbie UCHbITaHHA TIPOBOJMIIMCh B 
TepMOKaMepax, IO3BOJIAIOIMX MO epxKUBaTb 
Temlepatypy c ToUHOcTHIO oO 0,1°C. Peructpa- 


IMA TeKyWIMxX 3HaYeHHM TeMMepaTypbl B OOpa3- 





Since the intensification of the construction 
processes is inextricably linked to their safety, 
the time-varying characteristics of the concrete 
must be controlled. In this regard, one of the 
most important tasks is the need for monitoring 
and prediction of concrete properties at differ- 
ent temperatures of hardening. 

Experimental study of concrete hydration 
kinetics at low temperatures. It is possible to 
ensure proper quality of concrete work only 
having the organization of operational control 
of concrete strength. However, despite a wide 
range of non-destructive testing of building 
materials durability, the obtaining of test re- 
sults with a high degree of accuracy in harden- 
ing conditions different from normal and at any 
time of hardening is very problematic due to 
the lack of the dependencies of strength devel- 
opment for various temperatures and hydration 
periods in devices. 

The use of graphics of strength modified 
concrete development provided by the addi- 
tives manufacturer is also impossible, since the 
tests were performed on the samples using high 
quality ingredients. On construction sites, as a 
rule, cheap fillers and cement of medium, and 
sometimes of low quality are used. In this case, 
the development of dependencies to predict 
and control the characteristics of concretes of 
different compositions and strength classes 
becomes very important. 

For several years the members of the "Con- 
struction and technosphere safety" department 
of The Institute of service sector and entrepre- 
neurship of Don State Technical University 
(Shakhty branch) have been devoting their 
time to performing a large number of laborato- 
ry and field investigations of the structure for- 
mation kinetics of modified compositions. 

Laboratory tests were carried out in the heat 
chamber that keeps the temperature accurate to 
0.1°. Registering of the in question values of 


the samples temperature was carried out on the 
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Wax BesIaCh CILCHMUaAJIbBHO pa3pa0oTaHHbIM U3MeC- 


PHTeIbHOM KOMIIJICKCOM, OOeCcMe4dMBaIOLIHM 
cOop, XpaHeHve UW BH3yasIN3allHIO pe3yJIbTaTOB 
w3MepeHuit. JIaHHbIit KOMIMJICKC MO3BOIA PUK- 
CHpOBaTb TeMIepaTypy B Te4eHHve JWIMTebHOrO 
BPeMeHH HU IIpeJICTaBJIATh ee B BUe TepMorpam- 
MbI C yKa3aHWeM cpeyIHeH TeMIIepaTypbI 3a UC- 
CHeYeMbIn Wepuoyr (puc. 3). 

IIpu mpoBpeyenuu sadopaTOpHBIXx UCcIeOBa- 
HMM MW Ha CTPOMTeJIBHBIX NTOMAaTKaX JIA Wpuro- 
TOBJICHHA OCTOHOB KIaccoB B 7,5—B 25 c yqo00- 
ykilagbipaemocTb1o 14 nmpuMenssIMch pealibHo 
HMCIOJIb3YeMbIe CTPOMTeJIBHBIMH OpraHv3alluAMu 


IICCOK, WICOeHb HM I[EMeHT. 


specially designed measuring system for the 
collection, storage and visualization of meas- 
urement results. This complex made it possible 
to record the temperature during a long time 
and to present it in the form of thermograms, 
indicating the average temperature during the 
study period (Fig. 3). 

During the laboratory investigations and at 
construction sites the authors took sand, gravel 
and cement used by construction organizations 


in real life for making concrete of B 7.5—B 25 


classes with P4 workability. 
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Puc. 3. TepMorpamMa Hapy2KHOTro BO3yyxa 


Fig. 3. The thermogram of the outside air 


B kayecTBe MOZM@uKAaTOpOB TWocie mpezBa- 
PUTeCUbHEIX UCCIeqOBaHu ObIIM BbIOpaHbl yHU- 
BepcasIbHble WOOaBKH «JI-5» u «I-11» (OOO 
HII YH-5 (OOO 
Pocxummpom), «Pesamukc-M» uw «Kpuornsact- 


«Apctponnporpecc»), 


CIHI-2» (OAO Ilommmuact), KoTopbie oOecne4H- 
BaJIM M@KCHMaJIbHy!O 39(MeKTUBHOCTb Tp MH- 
HUMM@JIbHbIX 3aTpaTax B COCTaBaXx C 3allOJIHHTe- 
JIMMU HU3KOFO KayecTBa. OrpeyseseHue MpouHo- 
CTH OOpa3ll0B B YCTaHOBJICHHbIe CPOKH IIpOBO- 
WusI0cb B cooTBetTcTBHH c TOCT 10180—90. IIo 
pe3ybTaTaM HUCIIbITaHHM COCTaBJICHbI ypaBHe- 
HHA, ONMChIBAIOWMe KMHeETHKY Hadopa MpoyuHo- 
CTH OOBISHBIX MH MOJMMUUMPOBAHHbIX OeTOHOR, 
KOTOPbl€ THO3BOJIAIOT MPOrHO3HpoOBaTb Ipou- 





As the modifiers after preliminary studies 
the authors have chosen universal additives 
"D-5" and "D-11" ("Irstroyprogress"), UP-5 
(Roskhimprom), "Relamix-M" and "Krioplast- 
SP-2" (Poliplast), which provided maximum 
efficiency at minimum cost in compounds 
with low quality fillers. Determination of 
strength of samples within the established 
deadlines was carried out in accordance with 
GOST 10180-90. According to test results the 
authors have produced the equations describ- 
ing the kinetics of strength development of 
conventional and modified concrete in order to 
predict the concrete strength in the required 
time. 





HOCTb OeTOHA B TpeOyeMBle CpOoKH. 


Handosee ocTynHOn UW sddekTHBHON WA 
yCIOBHM PocToBckou OOsIacTu Wpu3HaHa O0aB- 
ka YII-5. Ha puc. 4 npuBeyensi rpaduKku Hado- 
pa mpouHoctTu OeTOHOM kslacca B 22,5, Mogu- 
(buuMpoBaHHoro ZOOaBKON YII-5 B kosMUueCTBE 
2% OT MaCccbI I[eMeHTAa, pW pa3JIM4HbIX TeMIe- 
paTypax. 

Ilo pe3yibTatam oOpadoTKH MOJIyYYeCHHBIX 
9IKCHEPUMECHTAJIBHBIX JAHHBIX C TOMOIIbIO Tpo- 
TpaMMHOro Mos yA Statistica 6 Oblo MOsy4eHO 
ypaBHeHve MHO%KeCTBeHHOM perpeccun, M03B0- 
NAOMlee OpesesaTb TpeOyeMy!O TpOUHOCTh 
OeToHa Ro id Hayala MOHTaKa MeTaJWJIOKOH- 
CTPYKUMM Ip pa3sIM4HbIX TeMIepaTypax TBep- 
menus (t, °C): 

RO = —2,65 + 0,42¢t + 7,92 InT, 

rye T — Bpema TBepyeHua (BO3pacT) oOpa3- 

a, CyT. 





UP-5 proved to be the most affordable and 
effective for the conditions of the Rostov re- 
gion. Fig. 4 shows graphs of concrete strength 
development of B 22.5 class modified by UE- 
5 additive in the amount of 2% of cement 
weight at different temperatures. 

Subsequent to the results of processing of 
experimental data using the software module 
Statistica 6 the authors obtained the multiple 
regression equation that makes it possible to 
determine the required strength of the concrete 
Re to begin steel erection at various tempera- 
tures of curing (t, °C): 


RO = —2,65 + 0,42t + 7,92 InT 
where 7 is the time of curing (age) of the 
sample in days. 
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Puc. 4. J[umHamuka Hadopa npoyHoctTu OeToHa, MOAMMULMpOBaHHOrO WOOaBKon YIT 5 
TIP pa3sIM4HBIX TemMiepatypax: | — 5 °C;2 — 10 °C; 3 — 15 °C; 4 — 20 °C 


Fig. 4. Dynamics of strength development of concrete modified with UP 5 
additive at different temperatures: 1 — 5 °C; 


Ilo mlouy4YeHHOMy ypaBHeHH1O MpOu3BeJ,eHbI 
pacueTbI MporHo3sHpyeMOH IpoyHoOcTH OeTOHAa 
JIA COOTBETCTBYFOINMX JaOopaTOpHbIM UCcJIe- 
JOBAHWAM 3HaYeHHM TemMilepaTyp HW BpemMeHH 
TBepJICHHA JIA TpeX CTPOAMIMXCA OOBEKTOB Ha 
IIpeIMeT pa3pelllieHHA MOHTaxKa KapKacoB 3/1a- 
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According to the obtained equation the 
authors have carried out calculations of the 
predicted concrete strength for the 
corresponding laboratory values of the 
temperature and time of hardening for the 
three projects under construction and for 
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Huu. ViccneqoBaHHuaA MpO4HOCTH KOHCTpyKUMu 
Hepa3pyllarollMMH ~MeTOaMU HelOcpeyCTBeH- 
HO Ha CTPOUMTeJIBHBIX WOWMatKax MO3BOJIMIM 
IMOCTPOHTb peayIbHble rpad@uKku (MpesCTaBIeHBI 
IYHKTMpHbIMM JIMHHAMH Ha puc. 5) Hadopa 
IIPOYHOCTH OCTOHOM HW CKOPpeKTHpPOBaTh 9ITAa- 
NIOHHbIC + 3aBHCHMOCTH IA UpHOopoB UIIC 
MI4+ wu IIOC-SOMI-O (puc. 5), MoBBIcuB Ta- 
KUM 00pa30M JIOCTOBeEpHOCThb U3MepeHHl. 


permission of installation of building frames. 


Studies of the structures. strength by 
nondestructive methods directly on 
construction sites allowed to build real 


graphics (represented by the dotted lines in 
Fig. 5) of concrete strength development and 
to adjust the model dependencies for IPS 
MG4+, and POS-5O0MG-O devices (Fig. 5), 
thus increasing the accuracy of 
measurements. 
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Puc. 5. KuHetTuka TBepyeHua OeTOHAa Mp MOHWKeCHHBIX TeMMepaTypax 


Fig. 5. Concrete curing kinetics at low temperatures 


3akmO4eHHe. PaspadoTaHHble Ha OCHOBEe IIpo- 
BeJICHHBbIX UCCIICEIOBAaHHM peKOMeHallMu 1103- 
BOJIMJIM CTPOHMTeJIBHbIM OpraHH3al[MAM Ha YeTHI- 
pex MWiomaqkKax BbINOJHATb paHHee HarpyKe- 
Hie KOHCTPyKIJMH Ha MOHOJIMTHbIC (YHAAMeHTBI 
B 3MMHUi WepvHoy 6e3 Ux NMOBpexkTeHuH. 
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Conclusion. The developed on the basis of the 
conducted research recommendations have 
made it possible for construction companies at 
four sites to perform early loading of struc- 
tures on solid foundations in winter without 


their damage. 
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